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Crites-ia for Evaluating Gamma Radiation hpcsures
from l?ahut Following Nuclear Detonations’

GORDON M.DUNNING’

‘r m R..wr~moN factorof greatestim-
mediateecmcerntoman inthefal!out

incidentto nucleardetonationsisthe ex-
ternalgamma radiationemittedfrom ma-
terialafter depositionon the aground.
This is the only factorthat willbe dis-
cussedhere.

COMPARATIVE R.4DIATION DOSES AND

DIOLOGIGiL EFFECTS

In cvahating the biologicalefiectsof
gamma radiationexposuresfromial~out,it
is naturalto turn to the many experi-
ments that have been performedin the
laboratory. In making a comparison,
however, eciiain diffmcncesbet~veenthe
two setsofconditionsnecessitateconsider-
ation.

Firsf, in the laboratory,narrow-beam
exposures,unilateralor bilateral,have
been the rule, while radiation froina fall-
out fieldmay representa source in radial
geometry, i.e., the radiations reach a gi~-en
point from material which is spread o~-er a
plane. A usual laboratory method is to
measure the air dose rate from a unilateral
or bilateral source at the proximal sur-
face of the subject, and to report the close
required to produce a given biological
effect. For larger anirnak this dose may
be significantly higher than one calculated
by integration of the air dose all around the
subject, which, in essence, is the situation
when an air dose rate measurement is taken
in a fallout field. Thus, biological effects
comparable to unilateral and bilateral ex-
posures may bc produced by lower air
doses as measured in a fallout field.

This geometry factor has been shown to
have genuine significance for large ani-
mals, such as swine, where the LD 50/30
values (the instantancuus dose of radia-
tion that ~rill cause one-half of the ani-

mals to die within thirty days) decrcascd
from 500 to 350 or 400 r when th-c method
of exposure was changed from unilateral to
bilateral (l). Still further reductions
might be expected in changing to exposure
from a source in radial geomet~.

Second, an experiment with IUesus
monkeys (2) in which 250-kvp x-ra~~s
were used gave an LD 50/30valueof530r.
A significant number of the monkeys died,
however, after the. thirtieth day. if the
survival data at one hundred clays (the
extent of the data reported) were utiiizcd,
the figure (LD 50/100) might be ciose to
430 r. \Vhile it is proper to report and use
LD 50/30 values for experimental pur-
poses, such values are less relevant in the
present study, since we are concerned v:ith
the general health and welfare of the pub-
lic It is as serious for a man to die on the
one-hundredth day as on the thirtieth day.

That the factor of deaths after thirty
days may be extrapolated from one prkak
to another is sug:csted by the Japanese
data (3). In the group sampled for Hiro-
shima, the number of reported deaths be-
tween the twentieth and twenty-ninth
day was 137; for Nagasaki the figure was
87. After the twenty-ninth day 117
deaths were reported at Hiroshima and S7
at Nagasaki. (There were, of course,
many deaths in these sampled populations
bejore the twentieth day,) The difficult
task of accurately recording, isolating, and
identif~-ing the causes oi these deatils is
recognized, but an analysis of the extent
of radiation injury and the time oi death
wouid strongly indicate that radiation was
a major factor in a significant number of
the fatalities occurring after tllc thirtieth
day.

Tile final difference. between laboratory
exposures and doses from fallout requiring

1Rcscritcd at the Forty-first AnnualMeeting of the Rad!dOgirdSocict~of.SorthAn]eric~,Chic~so,!!].,
Dec. 11-IL 1955.

c Haltb Physicist, Division of Biology and Medicine. U. S. ~t~mic Energy Commission, \[’ashington, D. C.
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GORDON hi. DUNNING

consideration is the energy spectrum of the
radiation. The gamma spectrum emanat-
ing from fallout material is complex. In
Gr~.ph 1 is SI:ONWthe gamma spectrum for
fallout after the detonation of March 1,
1954, at the PacificProvingGround (4),
,with the estimatedpercentagecontribu-
tionsof the gamma quanta of dificring
encrfjics(millionelectronvolts).It is

d
t~e Pacific Islands, the winds were light
and the first rainfall did not occur until
about two weeks later. Graph 2 shows
the gamma dose rates taken at 3 feet
above the grourid on the island of Rocgclsp
over a period of nearly a year. In the
first ten days thedecreasein activity,or
disintegrations per unit time, is roughly
consistent with the kuown radiological dc-
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GAMMA ENERGY (MEV)

Graph1. Percentageoftotaldosecontributedbygammaquantacnergi~show (million electron vo!k).

recognized that such spectra may vary and
that any single value may conceal ilnpor-
tant features, but an estimate of 0.7 JICV
mean enerbgy has been quoted as a fist
approximation (5).

WEATHERING AND SHIELDING

cay rate for fallout material, i.e., a slope
of minus 1.2. The break between the
tenth and twenty-fifth day, therefore, un-
doubtedly represents the effects of rain
(and possiblywinds),which was known to
have occurred.The restof the points
fallroughlyon a lineof (time)‘1.7,re-

The variable nature of the two param-
flecting principally the effects of weather-eters of weathcnng and shielding makes ing and possibly, to a smaller degree, the

establishment of a precise ruIe, covering fact that the number of gamma gzmuta re-
all situations, impossible; yet these factors ‘ leased per disintc~ation decreases after
me operative in determining the total ex- thc first thirty to forty days. In employ-
posurc received from fallout.

ing these data, however, one is faced with
One example will be used here to give

the problem of translating the effects from
some perspective as to weathcrin: effects.

a Pacific island to larger land areas t~itli
After the detonationon March 1,1%54,in differentclimaticconditions.

3 ..’
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,. Neither the exact time of winds and rains TABLEr: ESTIMATED ATTE-SUATION FACTORS OF
GAMMA IJOSERATESFSCOM~ALLOti

nor the precise extent of dose-rate reduc-
tion can k prcdictcd. These two param- A pprn.trlatc

Srtdllrc
ctcrsare obviouslyquanta events to FrameHollsc
wllicll a straight]incfunctionmay bc as- Firstfirer...................... 2
cribcdonly by the processof gcncraliza- Bascmei,l(~cl]tcr) s...............

lki.scmcnt(~ide).................
tion, as in Grap!l 2. The following csti-
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Gamma dose rate reodings at

three feet obove the ground

on islond of Rongclap
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1000
DAYS AFTER DETONATION

Grap~ 2. Gamma dose rat= onMh;J~n;9~ Rongclap following detonation of
,.

tivity is assumed to decay according to
(t)-l”’,for the second week (t)-l.s, and for
the third week and thereafter (t) ““4.
Justification for such ~~alues lies not in the
high probability that they will occur at
these times but rather in the necessity of
generalizing (probably conservatively) in
advance, so that some estimate of the

tions, have indicatedthe attenuationof
gamma doseratestobe expectedfrom the
shielding afforded by various structures.
Obviously, tlwrc will be wide differences
in this respect, depending upon the type
and. size of the structures; Table I @\res
some rough estimates of this factor of
shielding. For the moment, let us con-

l)arametcr of weathering may be incorpo- sidcr a situation in which no special evasi~-e
kted into evaluations ‘of
contamination.

Field measurements, as

possible future

well as calcula-

mcasurcsarctakenand peoplecontinueto
livenormallyinthecontaminateden’uiron-
mcnt. Crcat variationin the amount of
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accumulated “radiation dose may be ob-
Servcd, depcncient upon the location of
pcrson]lcl in relatiosl to different types of
bttilclillgs or natural terrain features and
on the]cngth of stay at a particular place.
“: )3umI~ the 1955 nuclear test scncs at
the Nevaci?. Test Site, a number of film
baclgcs yew placed outside and inside

badges as they went about their not-ma]
activities in adjacent communities. ~~t-
of-door radiation doses were crtlculatcd on
the basis of the sun-ey data oi rnonitorinq
teams shortly after fallout (as would be
done in cmergeucy situatio~ls); ~];~:~ ~;~~~
later compared with the doses inciic~tcd
on the persorinel film badges. The ratio

w)
I I

.

t2

L

..

-t

24th hour

3rd hour 4
m

.,

-.

. Id hour ●

Times after detonation

of initial follout

1- 1 ! ! f ! ! 1 I !. I 1 1 1 1 I I
1 io 100
WRATION OF EXPOSURE FOR TIMES 1MMEDIATEL%FOLLOWING DETONATION

(DAYS)
.- ..

Graph 3. Estimated average accumulated gamma radiation doses for personnel
continuing to Iive’nomally in a contaminated area, based on a dose rate of 1 r per
hourat time of fallout. See text for assumptions.

*hool buildings. The ratios of out-of-
door to indoor doses ranged from 1.3 to 7.
AS ‘anticipated, one-room frame buildings
generally provided the least protection,
with multiroom single-story concrete block

“ buildings falling within the upper range of
values. Since the duration of the ex-
posures was generally less than one week,.
the effect was undoubtedly duc principally
to shielding rather than to weathering
effects. Limited data were also collcctcd
for personnel~cllool tcachem, physicians,
mechanics, and others—wearing film

. .

.

c

of doses measured on film badges to those”
calculated for out-of-doors generally fell
between 0.4 and 0.5. Duration of ex- ‘-
posure ranged from two to three \veeks. “

On the basis of these data the dose with
shielding during normal occupancy of an
area may be consewati~-ely estimated at
25 per cent less than that received by per-
so.rts fully exposed for twenty-four hours
each dav.

One x&y combine the asstimptions made
for wcathenng and shielding and arrive -?
at a family of cutwcs \vilich estimate the J

I
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. VAGs CAMMA RADIATION J2XPOSURCS moht FALLOUT 589 .

accumulated radiationdose forpersons
livingncmzrm]~yin a contaminatedarea
(Gmph 3). SinceGraph 3 is based on an
cssumcd d-c rate of 1 r per hour at the
the of faTkmL theaccumulateddosesmay
be linearlymtrapolatedtoany otherdose
rateatfalkmt. For example,iffalloutbe-
@at three hoursafterdetonationand the

10

SLo
0.
i=a
a.

-..

-“ . .

.
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ship for timed dose: versus biolo~”cal
effects; yet there arc suflicicnt con~’incing
data to permit an attempt at estirnatiilg the
effect of this phenomenon.

Blair (6, 7,) Smith (8), Davidson (9), ...
and others have made extensive rtnalyses
of existingdata on the effectsof time- .-
spacedclosesforseveralspeciesofanimals. . -’
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DURATION OF EXPOSURE

Csap?s $ Ratio of total accumulated equally fractionated daily gamma whole-body doses to a o~eday exposure
“ to produce the *me whole-body eiTccts.

dose ~te atthattime is 10 r per hour, then
about 90 r might be accumulatedby per-
sonnelecmtinuingto livenormallyin the
eontam.inatedara

TIMEDDOSES AND BIOLOGICAL EFFECTS

lt has been recognized that, in general,
the longer the period over which a given
radiationdose isdelivered,thelessisthe
resultantbiological effect, except for such
aspects as the genetic. Since past exper-
iments usually have been designed for
other purposes, the data from these do not
readily elucidatetherateofrepairorthe
proportions of reparable and irreparable
damage resulting from differently timed
doses- Varying relationships have been
demonstrated, depending upon the species
or even the strain of animal, as well as the
criteria selected for study, such as skin
damage, life shortening, and LD 50 values.
Our present knowledge does riot permit
cstabLishmcnt of a precise overall relation-

,

Generally, the recove~ rate for larger
maxnmais, such as dogs, is significantly I&s
than for mice. Onc estimate places the
half-time recovery for man at four weeks
(9). The most conservativeestimateof
the effectof time-spacingof doses,for
applicationto theproblemsunder discus-
sion,isthatofDavidson. On thebasisof
hisanalysis,a plothas been constructed
(Graph 4) of accumulated,equallyfrac-
tionateddailydosesversus an acute ex-
posure which would result in the same
whole-body effect (death or sickness).
This analysis indicates, for example, that
if a radiation exposure is divided into equal
daily doses, the total amount accumulated
over eighty days would be twice the
amount rcquirecl bY a one-day exposure to
produce death or s}ckness.

The calculations nccessm-y to incorpo-
rate the factoiof timed doses into those ior
radiological decay, weatllcnng, and shield-
ing are rather tedious. An approximation
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YZW.ybe made merely by superimposing of the total dose accrues from fallcut dur-
Gxaph 4 on Graph 3; the point where the ing the first part of the exposure period.
tunes become tangential is the point of This more rapid rate of delivery might in-
max%num effect to be cxpectcd from CIOSCS cscasc the percentage of irrcpflrablc c!aln-
accumulated from fallout. It is not in- age to some extent. on tllc Ot]lcr JlanC[,
tended to imply that no furt!lcr rridi~ ticm a greater proportion of the biologic~i CiSiII-
daunge isreceivedfrom exposure after age would occur early in the CX;)OSLlrC
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TIME AFTER DETONATION FALLOUT OCCURS [HOURS)

Graph5. Approximate gamma dose rates at time of fallout to produce an esti-
mated eflcctivc biological dose of 1 r for personnel continuing to live normally in a
~tarninated area. See text for assumptions.

.

thattime. Rather, the analysis does in-
dicate that if the accumulated dose from
fallout up to the time of tangency is not
sufficient to produce death or radiation
sickness, than (a) the rate of repair (for the
reparable portion of the dose received) will
exceed the rate of exposure thereafter,
and, of course, (b) the irreparable fraction
of thetotaldose for the duration of the
f+llout will be insufficient to produce these
whole-body effects. Itis recognized that
the rates of dose accumulation as calcu-

lated by the two methods (Grnphs 3 and 4)
are not identical, since a larger proportion

period, allowing a longer time for the rep-
arable factor to operate before the cun-es
become tangential. The radiation status
for the reparable fraction of the damage is
thus better at the time of tangency. IJn-
til more definitive data are obtained, this
analysis may serve to approximate the
biological repair factor.

Graph 5 incorporates into a single cttn-e
the major effects due to weathcnng, shield-
ing, and biological repair. The radiation
dose arrived at by these calculations is
called tile “effective biological dose. ” As
in the previous graph, the accumulated 3

.



.—. —. —.. — ——. . ... . . .. . ...-— —. - ..- 4. . . . . . . . . . —-- .e~-..C---...-9--- ,. :.. -— m —.*
. .

+q
. .

.1
“1

..-.. ..

.

.“>-*

.-

1
I

●

.........

i.
v

....

+-,;;.

.. ..

t ,.
.

.

VOLC6 CAMMA RADIATIOX EXPOSURESFROMFALLOUT 591 .-

TABLE 11: APPROXXWATE AREAS EWOMPASSED BY
THIi L?FF6CTIVE BIOUMICAL ISODOSE LxxrM SHOWN xx

.TNTShfa (FJG.1).
Appmxinmte

Is03~;. We Arccs EI:coIn/JcJscd
(square miles)

25,C03
12,s03
5,032

dosesm::ybe tz~trnpolalcd linearlyto any
otherdoserateattimeoffallout.For ex-
ample,iffalloutbe~”nsthreehoursafter
detonationand thedoserateatthattimeis
10 r per hour,about 67 r (effective bio-
logical dose) will be accumulated provided
personnel continues to live normally in the
contaminated area.

10
OT5 “ 67

Itisfranklyrecognizedthatinany single
CUIVC,such as that shown inGraph 5,there
ore inherenta number of uncertainties

.l$at arc open to discussion. C1itcria
based on deliberate ana!yses of the rele~-ant
data, however, may be more valid than
those determined under the duress of an
emergency situation. Such a simplified
graphmight provideradiologicalmonitors
witha quick,evenifrough,estimateofthe
potentialhazardsand thusassistinmaking
decisionsastopossillleevacuation,etc.

PALLOUTPATTERN FRO>f

HIGH-YIELDWEAPONS

From Graph 5 and data from other
sources (10, 11), art idealized diagram of
effective biological doses for fallout from the
March 1, 1954, surface detonation at the
Pacific Proving Ground has been prepared
(Fig. 1). It is to be emphasized that (a)
tii~ercnl yields of weapons, di~erent wind
structures, and diflerent kinds of Ialzd sur-
jact, woiiid result in d$erent fiat!erns, and
that(b) tliis is ihe amount of jai[ou! jronz a
s“ngk high-yield weapon.

The two innemost isodose lines shown
wereselectedtosuggestregionswhere (a)
a significantpercentageofpersonnelmight
be expectedto die (400 r) and (b) a few

percent to become ill (100 r), assuming

..

Fig. 1. Idealized fallout diagram, bsscd cm high-
yield nuc!car detonation of 3krcii 4, 19W. Isoriose
lines represent ctlective biological doses (Roentgen).

continuedoccupancy of theseareas~n.th
no spec5alprotectivemeasures, These
percentageswould,of course,risewithin -:
tbe encompassed areas. The 50-reffec-
tivebiologicalisodoselinehas no unique
s?gnificoncebut suggeststhemagnitudeof
dosewhichmightcallforemergencymeas-
uresagainst radiation exposures even in the
face of other possible hazards. Table II
shows the approximate areas encompassed
by the three isociose lines. For areas
where the fallout occurs a few hours or
more following detonation, many days or
weeks will be required to accumulate the
major portion of effective biological doses,
so that spot decisions involving additional
hazards might not be necessary.

PROTECT1W2MEASURES

The idealizedfalloutdiagramis~ased
on theassumptionthatpeoplecontinueto
live normalIyinan areaand thattheydo
nothing specialto protect themselves.
Actuallymany measurescan be taken to
~duce thegamma radiationdose. These
may be classifiedunder four headings:
1. Evacuation, 2. Use ofshielding.3.
Decontaminationoftheenvirons.4. Al-
lowing for lapses of time before errtry into
a contaminated area. These measures
will be discussed ordy briefly.

Where relatively small numbers of people
are {nvolved, evacuafiun could be an easy
solution. For largc communities, major
factors of danger and/or hardship must
be considered. Each situation may be
unique, and independent decisions must be
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592 Gcmoox M.

TAELE III: ~Sil!.fATFIDREDUCTION IX GAMM.4 Dom
RATES AT Tt[RLE F’cET ABOVE TIIE CROUXD TO BE

EXPECTUD FROM VARIOUS DECOXT~.Mt NATXON
PP.ocrmmMONLAXDSUUFACES*

A pmxr-mfe
l’rcjct(?urc L.ftkdion

l+acJor

Plov:iuz (to dqt}t of 8 inches) 3
< Eulldozirrg or ~rading (to depth of -i

inches) 4
}i~ (clan dirt to c?cpth of 6 indics) 5
&rapi]t~ (to c!c~][llof 4 incks, with

cuacurrent ]cnru}al of cxhumeclc!irt) 10

e Based on dzta in Ilacliological ILccovery of Fwed
],iili’my lns[al!ations (12).

made according]y;.itis not possibleto
establishbeforehandany generalnde of
actionbasedon radiologicalconsiderations
done. The complexfactorsenteringinto
thisproblem cannot be discussedhere..

“\‘Jlcreisavailablcjhowever,a co~isiderable
amount ofdataon tileradio!o,gicalaspects
Of~allouL tc,said ciyil defcn~e al!thorit ic.si_n
~na~~ng the dc:cisions which ‘iYdlultimately
rest Withthem.

... The anhhnt of protectionaffordedby--~.
sfiti~;ngis suggestedin Table I. The.’
exactdose ratesthatmight be expected
from a fallout cmnot be predicted, but it
appears reasonably certain that a s-nielding
factor of 1,000 would, even in the areas of
Iwavy faJlout, reduce the radiation below
levels which might produce sickness. Such
a reductionmight be attained by about 3
feet of earth or sand or 19 inches of con-
ci-cte. Even the cellar of a frame house
will reduce the dm.e rate by a factor of
about 10, whirh might spell the difference
bctwecrr relative safety and the danger in-.
cident to full exposure. In the area of
n;aximum contamination, bowel-er, located
within the 400 r ellipse of the fall-
out diagram, a factor of 10 might not be
enough to keep t!le accumulated dose be-
low a hazardous level, e~~enfor a period of
half a day following fallout; in that case
more protective shelters or evacuation
would be required.

The third measure that might be taken
to reduce the radiation dose is dccou!anzina-
tion of the en~’ironmcnt after fallout has
occurred. Table III, based on field data
(12), indicates the degree of rcductiort in
gamma dose rates at three feet above the

IMHINO April 15X3

ground which might bc accomplished by
various operations on the soil. ‘rddc IV
gives Icductiolls of contaminatiol~ of su~-
faCCSasCSthXItdby onc ITKthf)d Oicict:r-
mination. (For more Cxtellsiver.!l:!ysessec
references 12, 1.3,anti 14.)

The final factor of major bcncfi t in re-
duction of radiation dose is t!~c lo,?:c :-~
iime. On tlic basis of rdkdo;icdticc~y

.
TADf.EIV:I?STIXATEDREDUCTXOX I?{COSTAWXj,T:ON

OFSURFACkS USIXG A FIRE IIOWNG lfsr!i~,u●

Aflfwoxiwafe
SrmJace Reduciion

Faclar
Concrete 10
wood
hxctaf

so

Roofanz %
● Sased on z dry contaminant. “For a slurry con-

taminant, t!ic xcduc~ion fsctors might bC oni:.” o !tQ-
tllirc! as great. Prc-protection of wood aori CC:lC:e:c
surf:ccs, e.g., with sealers or paints, n:igilt i:lcre~sc tke
reduction factrw trv a factor of about 3. [,ih,::d m
dlta in Radis!qtcal Recovery of Fixed Jii!i:~ry
Xustaktions ( 12)).

alone, the activity (disintegrations Per
minute) dccreascs approxi~nate]~ accorciizg
to theprincipleof (time) -~.z. - Thus, im
every sevenfold lrrpse of time after a
nuclear c~plosion, there willbe a tr-mfold
reductionin dose rate. For example, if
fallout occum one hour after a detonation,
the dose rate will be one-tenth of its il~iil~i
value by the seventh hour; an additiol:al
tenfold reduction would req~lirc about t~so
additional days of v;aiting. Si!ni12riy, tfi,e
total possible out-of-doors dose accum u-
Iated from the first to sixth hour after det-
onation would be approxim~ tely t hc same
as that from the sixth hour until onc w-wI:
~ater, ~UrthCr, t}]k first-weekdose woL!!ci
be about twice as great as the entire re-
maining dose possible for the lifetilne of the
activity, even in the absence of weat!]erlng.
This rapid decay suggests the benefits of
protection in the early periods after fa;i-
out rind, where possible, delay of entry
into a contaminated area.

The question is frequently asked as to
the time onc must spend within a shc!wr
or rcrnainoutsideofa contaminatedarea.
The answer depends upon a nttmbcr of
parameters,suchasthecntcna estabiisl]cd
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for maximum permissible dose, as well as
length of staywithintheareaofcontarnina-
1{0S1.Wit!lknowledgeofthemagnitudeof
theradiationIcvclspresentand L!lerateof
{ICC+’,(t)‘1.2,it ispossiiilcto plan and
executea shortstayewm ina highlyCOil-
t:lxi]il:?.tcdarea.Plann;ngforccm~inuous
occupix:cy reqllircsmare extcnsil’eanal-
ysis.‘lhefollowingdatamay aidinsLIch
c\*aluation.
‘l’hefalloutmap andTable11suggest the

degreeof radiationexposurereceivediu
continuousoccupancyunder normalliving
conditionsbeginningwith the tinmofini-
tial fallout.For thoseenteringthe con-
tallljnatcdzonefourInontilsafterthefimt

fx?lout,howe~-er,and then Ii}-ingthere
indcfi:litcly,theareaeacompassed by the
50-reffectivebiologica!isodoselinevii]1
have shrunk from about 25,0!20to 2,500
squaw miies.At such time (fourmonths
ttitcrfallout),an area of about 1,000

“-squaremileswithinthe 50-risodoseline
mighthavethehighest residual contamina-
tion,amounting to about threetimesthe
dose ratesat the periphery.The 0.3 r
p week cut-of-doorsisodose-rateIinc
m!~ht extendto about the same position
t.otheliilCmarked 50 on ~he map.

As one attempts to ext.rapolatesuch
d~tatconc yearafterfallout,theanalysis
becomesstillmore diff,cu]t and uncertain.
‘he data suggest, however, that if return
is postponed to oneyecwaiterfallout,the

t W-r cficctivebiologicalisodoselinewill
havedisappeared.On thebasisofthese
conservativeestimalcs,the 1,000 square
miles of highest contamination might have
an out-of-doors dose rate ofabout 4 r per
week after one year. Sim”lariy, personnel
filight accumulate a dose of about 100 r for
the first year follow-in: exposure and an
additional 90 r over the next three years,

‘independent of the biological reco~’ery fac-
tor. Itisto be expected that this factor
would be relatively great for such long
periodsoftime, thus reducing the effective
biological dose below 50 r. The 0.3 r
per week out-of-doors isodose-rate line
might encompass an area somewhat larger
than the line marked 400 on the map.

(The weatheringfactor-fortheislandsin
thePacifichasbeen~wcatcrthantheas-
sumedVAC forlargeknd masses,sothat
atoneycm the out-of-doors dose rate on
these islands was l~ss, by a factor CJ :d- -.
most 2, than would be predicted by tiic .-”>
method su~gcstcci IIcre.)

The f~rcgoiilg ana!>-ses are based OH .,
passive factors ordy, not tdcing in Lo ac-
count the actions of persons themselves in
reducing contamination. If, for exwnpic,
a perrrtauent return into an area were post-
poned for one year after fallout, the raciio-
logical situation would probably have been

..

adequately appraised, and decontamizx-
tion operations initiated. Moreover, ~~ith
the return of a populace into a known con-
taminated area, more than normal pw-
cautions might be exptctc’d in regard to
occupancy ofthe more protecti>’et]-pesof
buildingsandreductionof iiine spentout-
Cf-cioors.
ltappears not unreasonable to assume

that the tlleorctical out-of-doors dose rates
for the areas of higkest residual conum~i-
nation, calculated by measls of the c.xtrap-
olations given above, actually migl; t be
many tirncs redueed. The data thus
suggest that, with this type cf detcilation,
continualoccupancye=.-enof t!~emost

.

heavilycontaminatmiarea need be pro-
I]ibited for on!y about one year.

The task of evaluating radiationexpo-
suresfrom lallout is kmght with uucer-
taintits, and one illstincti~-ely shrinks froin
proposing criteria based on such variables
and intangibles. Yet we woufd be doin;
ourselves a disscr~iw Z Ive did not attempt
an analysis of the relevant factors znd in-
corporate them iato some conceptual
schernc as indicatedhere.The analytical
approaches, and eetiinly the quantitative
values suggested, are not to be considered
precise but are intended, rather, to give
ordc.r-of-magnit uric estimates. It is be-
Iicvc& that tltcy arc, in general, corLscn-a-
tive, Le., they do not underestimate the
potential hazards involved.

Division of Biology and Xfcdicine
U.S.Atomic E[lcrgy Commission
\Vashington, D. C.
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weMare of the pblic, both in terms of radiologicalexposureas well as -

!1
~<,<
,,,‘tl.

to protectthe public.

highertowersfor detonatingthe nucleardevices,it 3-sexpectedthat

fell.cutin populatedareasfrom futuretestsat tlxsI?erakNet Site

b. Tho o-peratSonalprcxxdu~essdoptedfor =.et5xK ‘$‘j ;)
U

these criteriaand proceduresstillbe the rcspansi- : . ~ ~

l~i
biMty of the Test Hanager,as Wect-ed by the IHvi- “ .: tii~;:t ‘<
sion of MilitaryApplication,with the technical

*{ guidanceof the Divisionof Biology and Me-dicine. .

The followingcriteriado not applyto domesticor wild anbals
.
-

sincelevelsof radiationwhich vould be si.gmlficantto themwuld

have to be higherthan those specifiedherein.
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CRITERIAI

,’.

Introduction

The decisicnto evmz=te E core.mityis criticalfor two princl~al -

reasons. (lne~presumablythere might be a healthhazardif the person- ,.

nel were allowedto remdn. Two$ there is alusysan element of dmger
~.

and/orhardshipto personneltivolvedin such an emewgencymeasure. .;

It is reco@zed that extenuatingcircl-mstucesmy acccmpny any

situationwhere

The sizeof the

evacuees,means

of ambuhtory cases,protectim of the propertyloft behind,and q

otherfactorsma~ enter tnta t-hedecisim relativetm cwzc-mti.cn.

unlesstl:esituationbe adequatelyevaluated. A blanketevaluation

cannotbe made in advance;each situ.eti.oncan be unique- The follow-

ing criteriathereforeare suggestedas g~idesin assessingthe pcs-

sibleradiologicalhazards;the final decisionmust be made on the

,t basisof all relevantfactorslmown at the time.
:.;.;
.,

.
.

.
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. Criteria

TableIa summarizesthe radiological

u.atti.gthe feasibilityof evac.u~tiono

,7

criteriato be used in eval-
..

!l%erat$.omlefor t~ble1a is as follows: Tbe totalcffac~ive~;--

ol.ogicaldsx tknt wauM be rsceivedif evacus”iionwre not crdzred5.s

obvious~ya de%.rm~nin~facmr. Anotherconsiderationis the fact.t}.at

such em actionas qvacu.ationcoul@be dsngerousto the individualsrr.d

couldalso possiblybe detri.mmtalto a very necessarynations.1.effo~t

C& must then asks ‘Justhow much will be g&inedof weaponsdevelopment. .

(radiationdose saved)by evacuation?” Estimatesof thesetwo variables

ere indicatedin tableIa* Thus3a populacemay receiveup to a calcu-

lated 30 roentgeneffestivebiologicaldose in one year withoutindicat-

ing evacuation;from 30 to 50 roentgenstevacuationwouldbe considered

-L-

> ‘.:‘ -
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only if at least15 roentgenscouldbe savfi)3by suck action;aridat 50
.
..

roentgensor higherevacuationwo~d be Micatid tithoutregardt~the :;,:...

possiblesavingsin radiationdose.

Whereas this may be satisfactory as a first approximation, a more ,-.
.,,.

accurate estdmate”should be attezpted, especiallywhen dealingwith
.,..-.

dasss thattight constitutea healthhazard.

~!ing

itjstobe

vill be the

marizesthe

to the nscessitycf r&..ngearlrmnsu.re=entsand Gecisicns,

e~ected that dose-:s.te readin~s,,fx.kenwith survey::sters,

availableevidencect

parametersconsj.dered

dose based on dose-rctm readings.

the times of concern. ‘lkblelb su-

in estimxattigan effectivebiological

D. .

.
.
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From time of fallout
until time of evacu-
ation

C& F.*

1/2
..

**#cThe~c].ue.of9/16hasbeen ro~d~d off to 1/2.

-1

.
.

..
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At a later

receivedmay be
.

time afterfal.loUt,better est4imte3

obtained from film badge readtigs or

of radiationZoces

dosimeters. If

&i(3ficcoalt of

the film badge

3/4to account

~~ie ~ac~.!.-4+-~oyA dose 772C!~ ivzd.th<.athe ~zlt:~srcccrdtition

or dosimetermay be acceptedwith a correctj.onfactor of

for the differencebetweenthe dose receivedby the film

3/1

3/4

2/3

. ~The v~ue of 9/16 has been ro~ded off to ~20.

3/4

3/4

3/+’>

3/2

TOTAL ,;
>
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7
:~,., .
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“Discussionof the Riolezied Fa@& As lor.gerperiodsof the are
.

involvedin the deliveryof a given radiationdose,lesserbiolog-“.

ical effectsmay be cxp?ct.f?d. ~rsv the tim of falloutuntil.the

..
time of evacuationprote.blyviii be a matterof hwrs, vkich has keen

consideredess.eztkllya??3.=tf=~S=eGIJs~o:’e~la~~~
. t,k Mologictl

dose factoris 1/1. From ti-~time evacuationcouldbe accomplish.ed

to time of return

biologicalfactor

f’~loutu~tfl o~~

so the biologica3

probablywould be a matterof severaldays, so the

has been estti.atedat 3/4. l%om 15 days after

of the periodto essentitiy me yeer shouldyield a stillIG-WXb~~~~:-

ical factor. One piece of supportiveevidence - ‘p~+is tm work of Str&-.d=Wl...

whereX-ray doses to the skin vere fractionatedinto dailyamounts,ar.d<
b

the biologicaleffectscomparedto a one-treatmentdose. A log-log

.. plot of total dosesversus days after-initialtreatment yieldedstraight

lines. For example,the curve for skinnecrosisindicateda ratioof

/6700 roentrensfor a reatmentversus15 dallveau
.one-t allYfrpL~-

*Sievert,Rolf IL ‘The !l’olerance Dose amd the Itrevention of hju~ies
Causedby IonizingF~diations”. EritishJcmml. a Radiol.o>mj~GIO~Y
No. 236$Aug. 194’7e
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tSoria+cd doses. Cf cc~:?sej c?.15-3Jrzdie.timdosesTeceivec??rc.r; fC2-

out are not’equallyfractionatedso that the ratiowouldbe in the

tiirectionof unity. Day-by-daydosesdeliveredfrom falloutfrom tine

15t.hday to one year are mor~ nearlyequivalenttkn at earlytkes
..

(ignoringthe weatheringfactor). Strandgvistdata do not extc.xl

beymd 4Cldays and it is questic:!allato extrqmkie his data i:l-n

attemptto derivea similarratioas above based on one year} since

great,i.e., effects of weathering as

de15.very, etc. The ratio would presuzz-

~~--day per5csd.than for a _ The s?.j~~ 5.s a

relativelyrapidlyrep~iredor~w:

the effectsaf fractiomt~onvhen

Cronkitereports**

,,
.’. ‘
,-
. .

.,
?

that tie animalsmay be virtuallydeadwhile the :jsuresare con-

tinued. Thismight be illustratedin experiments .ingthe burro

where the dailydosssof 400,200 and MM roent:: f,ivento three
.

.

separategroupsrequired3600 to 4000,280u to 3.’ and 2000 to
-.

*see Addendum,Page 280

**&&L@/M2Qs QIWi~loutiQ~fen% Cronkj, E. P. Lecture
to Federal Civil Defense Acbinistration, Regicri ~:~r,ferenceof
Northeastern States of Radiological and Chemica” ,L’ensejl;ewYork
City~ October 22} 1~530



Experimentaldata reportedby Boche**are summarizedbelow.

.-
20 :3.0 60 24 l.l+l+o
10 6 36 83 2988

Blair*** has taken the two points from Bochets data, inserted

in the proiperrmge.” Eowe.vcrjthe constmts of M.s equationh.ve

,,
..
..: ,
..; ,
‘+

.,

tive of the larger,longer-livedartmals.

Ractional Who7e--T&7Gmm...— —-— ....-—.,—
10$ 1954.Unclassified.
AnimalsExrmse~$.gCkmn+c
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in to%al doses was again 2 to 1 or greater

only abouta 20% differencewas noted. In

Upshot-Knotholethe film badge insideread

lkxtduringUpshot-lLlathole

fact, in one case during

higher than outside. The
I

differencesbetweenthese experiment.~.ldatz will have to be invcsti~ated

duringfutureoperations. ;
!
!“

t
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those predicted by radiological decay according to t-2”2 sftmr a

Operationzil Feasibility of Crit: .

It is not the intent here to discuss operat~ .:d procedures, but

i.% shouldbe indtcatedthat the coaputhg of rs.d..’:?ODdosesas recom-

mendedin CriteriaI is a not too difficultts&. ;t one wxnmes a

t-l.2
rate of decayas a first approximation,then a singlegraphof

I
I

dose ratesversustimes @ter detonationcan be c:.::tructedthatwill

L=

-.



representa 30 rcmntgeneZfcctivebiolcgicd dase far one year. An ad-

ditionalfamilyof curvescan be made that will protidethe ans~ersto

“. tha parametersof how mch the would be availablebeforeevacuation

.. and of hcw long a tins ~r,,,...-PK1elWOUM IU3VC to rcmfin c’ut of tk: ra2i-

ue of at )-~a~t 35 T’Ot.llt~.?Ii5.
atlm erea in or3er t5 provide for a sa’t~lne..

The k!!:h2:t.vholo-b:”~y :“fifi=~cze rCccr~ed fcr EZY 10Cd.i~:f x;..;u

personnel were presentoutshle the NevadaTest Site was at Riverside

&bins~ Nevada (about15 people)following

knO+helL
Smpg%. The nnx3numtheoreticalinfinity

& 12-z5roentgcnso

.
.



f

‘.

. .

.

requestedto remaim indoorsuith windows and doors closed. Release

from this restict~ve action should be made on the basis

evaluathm of the radido~:e=.1 corkit!.ms.

exceedsthosein Graph II at the estimatedthe of fsllout$then it iS
.

recommendedthat the ‘smneadvicebe given as in the precedingpaagraph.

.j
)

.’.
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that theirrelationshipfollowst‘]-”2~then the dosesdeliveredin X

hours (bef~rethe materialis washedoff) will.be greaterfor earlier

ttiss after detcma?lcn. If one were sue of the

material Was to remain in place$thm a scaleof

afterdetonation could be made to yield the same

tim that the fallout

dose ratesversustk~

totaldose overthex

..

.,

hcmrso Since thereis obviouslyno set tim periodfor durationof con-

-15-

Eizia



“.

..

tact that wuld be val-ldfor all casesj one tight ass~e the UOrS~

where the materialremainsin placeuntil its activityhas decayed

an Msignificmt level. Dose rates couldthen be appro-ted} to

a given

If

infin-itydose, by:

D = 5At where:

th~ abovedls~t~ssion

is to set the infinity dose.

case

to

yield ‘

D = infinitydose
h m dose rate at t~C ‘tn.

is accepted,then the remainingquestion

Here,we must be clearthat whereasthe

measurementstakenby the mmitors3 and the dataupon which actionwill

. be decid~dwill be gamma dose rate readings,the pointof prhciI@

concernis the beta dcme deliveredto the bassl layerof the epidetis

(assumedas ‘?milli~as per squarecentimeter).The ratio of emission

of beta to gammais a functionof time afterdetonationand followsno

simplerelati5nSMp0 Further,this ratioat any giventime after deton-

atim has not been fmnly established. One repxt* suggeststhe follou-

ing dat-a: .

7
e +er m .tons&@ E@@Jm%

72 hours 157/1
166 IKMrs 156/1

These data were obtainedfrom a cloud sample,ratherthan actualfallout

material:and wers a neasureof surfacedose on a plaqueusinga “dosi-

~e+,ertype be~a-r~y sl~face ionization c~ber.m

The method of ccllestionsuggeststhe possibilitythat the thicbess

of materialon the plaquesmay be less than that to be expectedfrom the&

amountof falloutthat would be of concernwhen estimatingprobabilities
.
.

of beta burns. This would resultin a

of the betas influencingthe beta dose

valuefor the plaques.

.
differentangulardistribution

rate in the directionof a higher

=. sclent=f~cD~re~~.>r~sRe~rt9 Annex 6.5. ‘bterpretation‘f
Survey-=eterlkta~. SE~T.
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Anotherreport”indicatesa beta to g-
,

on the~retlsd computations”
A third report**

ratioof 150 to 1 based

suggestsa radicdly

lower rati”o; however: there may be some doubt as to its conclusions

since the imi=tion chamber used to measure g-s OnlY$ had a wall

a- 1 mm cf bakelite which ‘1000t.hicknesz .4
excluded a small part of the

tote-l ga.uma dose present? as well as a large$ but unknomj fraction of
2

(The range of 0.35 Mev betas
is about100 m~a or approx- Ii

the beta.v I

ilrlately

S3K&L2G

In

one may

Chester

1 mm af bakelit9.) For O*U discussion here~ we will assme a
1

beta te gsmma ratio of 150 to 1.

estimating the beta dose to the basal layer of the epidefisj

refer to the work of Henriques***.
He exposed the skin of

Wk&te pigs t~ plaquescontaintigdifferentradioisotopes.

Perttientdata are abstractedas fo-ilows:

SurfaceDose RequiredTo Produce
Recognizable‘IWmsepid=ml

. Inj~ (Roentgen_eqtivdent-

r=,,

x.+
WWZY =’a’

1.53 1,500

1,500

Esthated Amount of
RadiationThat Pene-
tratedSkin To A Eepth
QMM9 ‘0 (reb)

1$200

1,400

~e averagemaximumenergyof the beta particlesfrom f~out mater-

ial.vazzieswith time but will be assumedt~ be roughlycomparable in
91

or Sr90-Y90.
respectto dnpth doses to Yttrim

Sincethe gammadose

2 would not be significantlydifferentfrom theat a depth of V mg/cm

surfacegamma dose, the ratio of 130 to 1 for beta-gammawill be assmed

at the basal layer of the epidetis.

‘k Est.imte of tthe Relative Hazard of Beta and Cm Wdiation from
Fission Product.sn. Sullivan. ~illiern H.$ N~LO ‘~il 1949”

CONFIDENTIAL.

**UY@-37. Project 4.7. “Gar&-be.t.a Ratio in the Post-shot Cent-ated
AreaW. June 1953. CONFIDENTm&~TRIC~D RATA.

***”Effect of Beta Rays on the Skin As A Ibction of the Ener~j lntenSitY~
and Durationof Radiationn. Henriques,F.W. ~ J“v’s~ I

..- - .n.- >W _
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&e experhent vith sheep,ushg Sr90-Y90plaques,showedthat
.

2500 reps at the plaques$ ~Wface produced ulcerationin One but not

anotherof two sheep.* On the otherhand,1000 rads deliveredto

~2 one inchdismeterdisk (typeoftissuedepth of 7 ti~2 from a

animalnot stated)produced

1ationO**

It is to be remembered

on ~ gamma dose rates

that the abovediscussionwas first based

whereasthe monitorswill be makingtheir

gsmmameasurements

has indicatedthat

at groundlevel is

itbe assumedthat

at a heightof threefeet. Past fieldexperience

the gamma readingfrom ionization-typesurveymeters

about 50% highert~ at thee feetc Thereforeif

a groundlevel gammareadingof a surveymeter is

equivalentto a surfacedose rate, the ratioof beta dose rate at

7mg/cm2 to gamma dose rate at-e feti is about200 to 1.

Anotherapproachto estimathg the ratioof beta dose rate at

74
2

cm to gsmma dose rate at threefeet is as follows. Assuminga

uniformdistributionof 1.0 megacurieper squaremile of gammaactiv-

ity, the dose rate readingfrom an infinitefieldis about4.1 roent-

gens/hr.*** Calculationsgiven in appendixB indicatethat a like

concentrationof fallout

7 mdcm2. This suggests

is abouta factor of two
o

to this latter method of

. Such considerations.

materialwill produceabout430 reps/hourat

a beta to gammaratioof about

lower than the firstapproach.

estimatingbeta dosesis found

may be fraughtwith pitfalls.

100 to 1 which

Added Supwrt

in appendtiL

For example,

the above discussionimpliesa uniformdistributionof fallout

*“ComparativeStudy of ExperimentallyEroducedBeta Lesionsand SMI
ksions in Utah Range Sheepn. Lushbaugh,C. E., Spsldtig,J- Foy ~d
Hale. D. B. LASL, November30, 1953. [UNWSIF~Dl

A statusreport. Septemberi5, L954. (bNFIDENTm)
U.Ql?&!!k!ax=* ~95u

-18- ?L>
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material. Obviously$this is not correctbut how far this deviates.

from the factsand to what etientthis Influencesthe resultsis diffi-

cult to assess. Calculationsindicatethat the

able beta burnsfrom a singleparticlerequires

(SeeCriteriaIII for discussion.) It w we~

production of recogniz-

a high specific activity.

be, however, that the

particlesof falloutare closeenoughto have overlappingof radiation

fieldsand thus requiresignificantlylower specificactivityof the

particlesto producebeta burns. This hypothesishas supportin that

even the most superficialbeta burns of the nativesexposedto fallout

fd.kwingthe March 1, 1954deto~tionShO@ a mer~ mea ~fected

ratherthan smalltidividuals~ts. On the otherhand,the cattleand

horsesexposednear the NevadaTest Site showedburnsoverareas only

aboutthe size of a quarters Even thoughthesemay not have been pro-

ducedby singleparticles,they do representless of an srea effect

than suggestedfor the natives. Also, radioautographsof the fallout

in areas outsidethe NevadaTest Site suggestthe occurrenceof indivi-

dual particleswith non-verlapptigof radiationfields. HoweverSd

nearby areas where the falloutwas relativelyheavy,therewas a

definiteoverlappingof the fields.
.

WITH OUR PRESENTKNOWLEDGEIT SHOULDBE STATEDTHAT DUE TO THE

PARTICULATENATURX OF FALLC)UTITWOULD NOT BE K)SSIBLETO ESTABLISH

REASONABLEAND OPERATIONALLYWORK4BLECRITERIA THATAT THE SAME TIME

UOULD GUARANTEETHAT TH.ERE~EVERWOULD BEAN OCCURBXNCEOFA BETA BURN.

. If.

/ 100-200

mean an

one were to acceptthe assumedbeta to gammadose

to 1 (measuredunder the conditionsgivenabove),

hftiity beta dose of 100G2OOO reps to the basal

ratesof about

thismight

layerof the

epidermiswhen the wholebody infbity gsmmadosewas 10 roentgens.

1

,
.?
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Of course,the falloutmaterialmay be removed

3.sdelivered;yet,

remainin the hair

a one-hourfallout,

the next 24 hours.

The efficiency

beforethe Infinitydose

on the otherhand,it is not tiprobabletht it could

for essentiallythis lengt~ ~f t~ec ln the case of

almostone half of the dose

of a surfacefor collecting

wouldbe deliveredin

and holdingthe fallout

materialis

readings8s

nativesand

tiportant. It is not surprisingthat the highestdose rate I
I

well as biologicaleffectswere noted on the hair of the r

also on parts of the exposedbody whereperspirationwas.

present. Fhrther,it was observed

materialwas sufficientto protect
.

cases~. This was due probablynot

that even one layerof lightcotton

againstbeta skindamagein most

to the relativelymall attenuation

of the betas by the clothingbut rathsrto the physicalsituationof

holdtigthe radioactivematerialat somedistancefrom the skin,which

effectwould be relativelylarge.

An added considerationis the possibilityof high beta doses

deliveredto personnelfrom the falloutmaterial-g on the ground

and other surfaces. If the highestdegreeof contaminationconsidered

under this policyis safe when in directcontactwith the skin,then
!

the beta dose from sn equallycontaminatedgroundwill not be hazardous.

(SeeCriteriaIII for discussiononunequsl contaminationon personnel.)

However,it is true that the contaudnationmay exceedthe amountto

deliverdose rates givenin graph11 and yet not be greatenoughto

considerevacuation. Some personnelmay not go indoorsand thosewho

did will eventuallybe releasedfrom this restri~tiveaction and then

msy walk aroundin a relativelyhighlycontsndnatedarea. HecausQof

the more Mmlted range of the beta$ the locatlon of greatest concern

*ITR-923ca~dv of esrmnseof Human Eeinrs Accj&Q&LUY ExDo@ tQ

~$ -20Cronkite$E. P*, et al. @ 19540
~.

..—
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i: the lower legs.

One-reportestimatesa beta to gamma dose rate ratioof about75

to 1 at 10 centimetersabove the ground.* Under CriteriaI it was

recommendedthat considerationbe givento evacuationwhen the gammadose

rate readingat three feet was, for example,about6.2

Roughly,this would correspondto about 575 reps/hrof

timeters. Of course,this activitydecaysand also it

r/hr at H~3 hours.

beta at 10 cen-

is presumedthat

personnelwould be sent indoors,at leastfor a few hours. On the other

hand,it stronglysuggeststhat biologicallysignificantdosesmybe

deliveredto the

the bare feet of

a combinationof

feet if not protected. Skh lesionswere frequenton

the nativesevacuatedduringCAW’LE. This probablywas

beta dose from materialon the groundand from that

scuffedup over the bare feet and then cling- to the skin, (Nolesions

were observedon the bottomof the feet,undoubtedlydue to the thick

epidermis.) It would be expectedthat normalclosed-typefootwe= (as

T
comparedto open sandals)would affordadequateprotectionto the feet

from such high beta doses as discussedhere. ThereiS stu no ~-~tce

that beta radiationfrom materialon the groundwill not deliversignif-

8

.’$7

J

kant biologicaldoses to the anklesand perhapslowerlegs,afterper-

sonnelare releasedfrom stayingindoors. For example,If the beta dose

at 30 centimetersabove the groundis 575reps/hrat H}3hours,it would

be about250 reps& threehours later and 160 reps~ six hours later.

One furtherpossibilityis the accumulationof radioactivematerial

sxoundthe anklesand lower legs resultingfrom normalwalkingaboutthe

area. This is discussedunder CriteriaIII.

*~95(@, An E~t~ te of the Relative Hazardof Beta ~d Gama Radi-
from Prd cts% Gondit,R. I., Dyson,J. p.~ md Lumbs

u. A. s. N*49 (CLASSIFIED)

:-

.
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The’workof Henriques*suggeststhat at the depthof U.U9rmnin

Livingporcineskin (~ thicknessof epidemls) that “L4wJ3w

roentgen-equivalent-betim(deliveredover shortperiodsof time so that

theymay be assumedto be instantaneous)is requiredto producerecog-

nizabletreasepidermali@ry. The curveof biologicaldamagerises

rathersharplyso that at a dose of justunder 2WU rep (at0.09 mm),

the epidermismay be e~cted to exfoliateand in the majorityof cases

go on to developchronicradiationdermatitispersistingfor months.

The precedingdiscussionsuggeststhat,usingthe gsmmadose rates

listedin these criteria,which are based on an estimated10 roentgen

infinitygamma dose, as high as 29000 reps might be delitieredto the

basal layer of the epidermisover a periodof tb coveredby the

I.lfetimeof the radioactivemateriel.

Therehave been instanceswhere the calculatedMidty

in areas where personnelwere presentaroundthe NevadaTest

ganznadose
,,,

Site have

reached12-15roentgensbut therehave been no lumwncasesof beta

burns h these areas. The number of personsinvolvedin theseereascf .,
,

highestcontaminationvasrelativelysmall,perhapsa few dozen,and with
/

an observeddurationof falloutof aboutone hour it is possiblethat

theywere not in a positicnto receivethe full.fsllout. Likewise,

xd.uuteareas of the SW may have been so affectedyet not detectedor

reported. In other areas encompassingsome2,000peoplethe infinity
:, :,

gamma dose was about eight roentgensend no instancesof beta ti@ry
!:,
‘,

appeared.

‘h QUA
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The estimatedwhole-bodygamma dose to nativesevacuatedfrom the

islandof Utirikfollouingthe Wch Is 1954 deto~tion at the pacific

Roving Groundwas about 15 roentgensfor a periodof aboutthreedays,

but no beta burnsappeared. It is fair to assumehere that directcontam-

inationtook placedue to theirmode of livingticludinghousingthat

was quiteopen to air currents. G-

the bodiesof the nativesat aboutH ~

afterboardingthe ship. On the beach

dose rate readingswere takenover

78 hours both on the beachand

the personnelreadingsaveraged

about20 mr/hr g- (butthis probablyincludedsomecontributionfrom

the groundcontamimtion)$end afterwadingthroughthe surfand board-

in~ the ship the levelsaveraged7 mr/hr gamma.

The 18 nativeson Sifo Island$AilinginaeAtoll,receivedan esti-

mated whole-bodygmma dose of 75 roentgcnsin abouttuo ~d a q’~ter

deys. Of these,1.4later experiencedslightbeta burns,2, moderate

burns,and none showedepilation.

In the case of the Rongelapnatives,the estimatedwhole-bodydose

was about 170 roentgensin abouttwo days. All 64 nativesl.atsrexper-

iencedbeta

the natives

The 16

burns to some degreefrom slightto severeand overhalf of

showedepilationfrom slightto severe.

nativesfrom Rongelapevacuateddirectlyby air to Kwajalein

had personnelgamma dose-ratelevelsgenerally80

one was as high as 240 mr/hr and one as low as 10

55 hours). l’he,remdnhg 48 natives evacuated by

to 100nm/lr although

mr/hr (atH f about

shipwere reportedto

have personnel readingsthat “averaged”60 mr/hr beforedecontamination.

The pictureis furtherconfusedbecausesome of the nativeshad bathed

t
J,! ,

and somehad not beforethe arrivalof the evacuationteam.

-23-
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Most’”ofthe 28 U. S. Servicepersonnelstationedon hiwetak Island,

RongerikAtoll$receivedabout40-50 roentgens,basedon film badgeread-

ings. Threemembersof the groupwho were locatedfor part of the time

In anothersectionof the islandwere estimted to have receivedsonewhat

higherdoses. Seventeenof the 28 personnelshowedonly sMght superfi-

cial lesionswith one questionablecase of epilation. It shouldbe

pinted out that the personnelwere in metsl buildingsduringsomeof

the fallouttime and for most of the time theredter until.evacuation.

This reducedthe directcontamination8s well as the whole-badycmna

dose. A film badge hanging on the centerpole of a tent at ons end of

the islandread 98 roentgenso Calculationsbasedon dose rate readings

at another~t of the islandindicatedsonewhatlower doses,if ~rson-

nel had remaimedin the open for the periodof time from fallout (about

H ~ 7.5 hours)to evacuation(ataboutE ~ 34 hours). Upon arriv~ at

Kwajalcinone ~rsonnel gammadose rate readingwas as high M 250

mjhr at aboutH # 35 hours.

The abovedata do suggestthat thereMY be possiblea roughbrack-
.

eting of gamma-betadosesversusbeta burns. On the one hand,the

nativesfrom Utirikreceivedan estimatedwhole-badygammadose of 15

roentgensend showedno evfdenceof beta burns. @ the otherhand,the

nativeson Sifo Island,AilinginaeAtoll,receivedaboutan estimmted

whole-bodygarmnadose of 75 roentgenswith 1.4personnelshovingslight

burns,2, moderateburns~2$ no burns,3 with moderateepilati~n,~d 15

with no epilatione Xn addition,Roneglapnativesreceived17L)roentgens

whole-bodygammadose$ and about90% showedsome degreeof lesionsand

56%, some degreeof epilation.

. -2L-
1
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It is to be recalledtkt: (a)the nativesprobablyuere out-of-

doorsand”receivedthe full fallout,(b)the oily hair, semi-naked

perspiringbodiesincludingbare feet,and lack of bathingfor most

would tend to collect and hold the fallout material, (c) the the of

deliveryof essentiallyall of the doseswas two to threedays. ??urthsr,

ft may be spculated that the fallouton the more

Utirik (about300 statutemiles)would consistof

also perhapslesserpossibilityof overlappingof

theseparticles.

Some of the relevantdata are s~ized in

uncertaintyof tin degreeof exposureof perso~nml

directfallout,this group is not included. It is

emphasizedthat any comparisonsmade or iinpliedin

the most only semi-quantitative.TableII will be

teria 111 and IV but is includedhere as a summary

above.

—
d~stant island of

smaller partScles snd

;,~radiationfieldsfrom !;i
l;
!:,

table11. Due to the I.!,

on P@n&erikto the

to be immediately

tbe tableare at

referredto in Cri-

of the data discussed
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Rongelap 5+ hrs “ 170
1.300 80 16/1 H # 50 hrs

19 sli@!t et l$w+ hd
22 Hcdernte b. Avwam:
17 Severe 60 m=
Er)j.laticm:—. -—------ at H+50hrs
28 Ncnle f+rrected

m
11 Sli@t &7Cr~[:e:
11 Moderate 80 Iar/h#

~],P&i__p~
None

1 16 rmtj.ves evacuated by air to Kwa,jalein and nonitorod upon arrival.
248 n n m USS Philip and monitored abosrd _tho ships Data suggest meter readings low by about

50$ sincenativesfron someislandread 80-100mr/hr at Kuajaletisome
four hourslaterwith calibratedmeters.

3 40 mr/hr correctedto 60 mr/hr accordingto informationin footnote2.
Reportdid not indicaterangeof values

among individwls nor at differentpartsof body.
4R8adtigs takenbymtitors from the RENSHAWon the Utirikbeachwheretheremay have been somecontributim to

-&, ,.dose ratoa from land,
Lfter wading to ship,averagep=smel m~s were 7 ~ky ~,,..;:, ,

*$..,$,k
P ..

9Ymr.-r
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The data on animal e~sures are less fh t~ those for h-s.

UmS&sk:~ble beta burns occurred on cattle at Alemogordo l-n July 1945,

on cattle at ths Nevada I%ving Grounds h spring 1952s and on horses

ill 6Yi~i12 1953, (lb s}fi i?zmige observsd cn shaep in tbe sprtig 1953

was not ostiblishad to be beta burns.) l-bwever$ the exact positions

of the animals

FoU.owing

Nevada Proving

in relation to known amounts of fallout are not clear.

the last detonation of the spring 1952seriesat the

Grounds,about one half of a herd of 150head of cattle

dose

this

&ck

tkt

17Mmch 1954}xhere the falloutocc*uredfrom thO firstdeton~tion

(about15 KT on a 300 foot tower). Ikdiationlevelsin this arm are

not kncvnwitlhcsrtd.ntybut the falloutoccurredin a narrowb~d

end was carriedby relativelyhigh velocitywinds so that it probably

fell on the horsesat a time less than one hour. If SO, probably
.

more than one-halfof the infhity dose was deliveredduringthe nefi

. .
day.

‘i,!,
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Since’theoriginal discussionabovewas written,furtherconsidera-

1

tion bas been given to the work of Strandgvistand others*OXIthe effect
.I

r,

of fractiomticn of doses delivered to the skin and the onset of tke

observedresults. It will be recalled (FagelO) that X-ray dosesto the

skinvere fractionatedin equal daily amounts,and the biologicaleffects

comparedto a one-treatmentdose. A log-log plot of totaldosesversus

days afterinitialtreatment@elds straightlines.

BasicaM.y~this -ens that as doses are being deliveredto the skin

a cerkti re.teof repair is takingplcceo The over-alleffectr.lghtbe

that ld~hcr initial doses from fallout matcmfd rxlghtbe alloutcdtkan if

ons were to in~cb~ate the dose over a period of tti.eh’ithoutco:~sidera-

tion for the repd.re EWxmse of the differencein siupesof tha total .

beta dose curvesfor varyingtimes of initialfalloutversusStrandgvist

X-ray curvestke differencebetweenthe two curvescannotbe e.qxcsscd

as a

duco

quotedsbove)$IZ50 roentgensif divided into IWO equal daily Emes$

3450 roentgensif dividedfito tlmee equal dai?~doses,etc. 01 course,

thereme differencesbetweentheseX-ray dosesand beta dosesfrom

falloutmaterialsuch as d~-ferencesin dosesat increasingdepth of

tissue and the fact that theX rays were deliveredessentitiy as an

instantaneousdose at intervalsof a dsy while the beta dose ratesare

-1.2
assumedto followthe t . However,acceptingthe assumptionsof

biologicalequivalenceof these roentgenand beta dosesand t-1”2S

*Sievert,ROlf M, ‘The ToleranceDose and the Preventionof Injuries
CausedBy IonizingRadiationsw. &j&j&L~ ti~
Y.XXP N& 236, August 1947.

-28-

,!!
!

1’



(’-~’-ga
.

one may then ask the question$What will.be the beta dose rates at

va@ng timesd%er detonation that the contad~tion occurs suchthat

the integrateddosesto the skin

curvefor erJtkAema?*

For early Co.1.louttiresthe

firstday~sbeta dose telow~5~

\
will at no the equalStrandgvist

limiting fector will be to keep the

reps;

falloutthe firstday dosemay be less

accumulativedosesmay be greaterthan

curveswas preparedof beta dose rates

for laterttiesof initial

than 1250 reps but subsequent

Strendgvistcurve. A f~ly of

versustime aftercontsmhation

suchthat each wcmldmeet but not exceedStrand~ist cur-,.~for er@.hem

for timesout to 40 days tkenjbased on the discuss~oncantd.ncdunder

Criteria19 a conversionfactorof 2.25 was selected to convert beta

doss rates at a depth of 7 ~U2 of tissue to g“cma dose ratesat

threefeet zbovea.ninfiniteplane. These ga~ dose rates=e

plottedin appsndixC(a).

If one accepts~ the a~~~ptici~sthat go tito preparingtLlxis

curve,tkrl Cns does not ~ve to estfi~tethe variableof howl~ng the

fall-cutxnaterialwas h contictwith the s’kin,for the curve suggests

that. as long &3 the

tkn e.ryther~tight

stilldoes not give

produceerythema.)

Generally$the

suggesttheoretical

initialindicatedg.nmmadose rates are not reached

not be expected’t.oappear, (However, this a~proach

assurance that Qj@gL hot particles will not

gamma dose rate readings in the

maximuminfi.nltegemma dosesof

for a one-hourfallout,to about 55 roentgensfor a

curve~pmndfi c(a~

about20 roentgens

two-dayfallout.

I;“
I;:

For those esrly times after detonation when relatively heavier fallout

might be anticipated, this infinity gamma dose is tvo to three tfies



----

i

~eater than the 10 roentganswhich uas used e.sa basis of c?evelopi~g

criteria II. However, there are two further considerations. Cnej the
i
\

interpretationof the data and certainlythe assumptionsmade in devel- 6

opingthe cur-ein appendix C(a) are open to discussion. Noj if one

cccepts the ictcrpretatims cud 2.s5u2ptiais it r~zans& &afetyfcctorof

two to tkme - not an u.areasomblc qua.ntityo

-30-
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Underthe criteria recommended in Criteria 11$ there would have

two occasionsin the past where perscxmelwould have been requested

(pop~ation about15) followingthe ninth

The doss rate readingat LticoIn me was

detonationof the sme series.

580 mr/hr at H ~ 2. In the

case of Riverside

ascertaineduntil

gm?~ dose in ii~$

Cabinsj howaver$ the radiological conditions were not

Fcrscmnel vers requested to re.nain ind.cors (forabouttwo IICWS)

followimztkc ninth detonationof l!pshot-~mcth.~?.ceTne highest dose

rate readingvas 320 Ezz/hrat H ~ 4.5 hows- Th.isis less than the

currentrecmamndationse

,,

,

ii (
;1
1’ ,

,,

~-’
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CRITERTAJII

.
tion of PersonnQ

khcre it is not possible to monitor ~rsolLllOl outside of a generc.1

radi~.t.ionfield,it is recommendedthat an estinatebe made of the de~rce

of p:rsmnel contxx3.na~ion IV detexsning the locationof the ind.i.@Ad~d

at the time of fallout. In the event ‘there is uncertaintyas to the

validityof suchan estimate,the assumptionwilJ.be made that the indi-

vidualwas out-of+oors. In thoseareaswhere the infinitygammadose

equs.lsor exceeds10 roentgens,it is recommendedthat the individual

be advisedto Eat.heand to chsmgeciotkfig.

For persmnel being monitored outside the gcn37d radiatioia field

uhcre personnelcontaninatimexists over relatively l-argeareas Of the

exyosadbody (one-ldf squarefoot or more):

When the readingof s surveyinstrumentheld with the center
+ . o~ tyAeLc~.iz~tiOachamberfour bc~Aesof the prote or cenue.

frornthccenterof the c~ztsrfi,z’.eiaraa,equtalscr exceedsthe
Vcl.ucs ~AI it is reoc~.e~cledth~.t.Wrsonnel~i.’;{:]in G~zp:AT-
SHML be advisedto batheand to chsiigeclotkti.g.

For personnelbeingnonitcredoutsidethe generalradiationfield,

where persormel contaminationetist.sover relatively.mal.lareas of the

EXICSHItody (lessthm one-halfa squarefoot):

The rec.emendedmaxixmmvalues sYK!2be one-halfthosegiven
in Graph III. Monitoringof the head,arms,hands,loverlegs,
and feet will be considered as coming under this category.
Washing may be lfited only io the contaminated parts,and slso
a changeof clothingmay not be indicatedunlessthe radiation
“levelsexceedthose statedbelow concerningmonitoringof etier-
ior surfacesof clothing.

For personnelbeingmonitoredoutsidethe general radiationfield,

and the contaminationexistsover only spotsof EXFOSEDbody (aboutthe

sizeof a half-dollaror less):

t

1’ ‘(; !
I1:,i;
.,

11”1
1“1,’ ,
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one-fifththosegiven
to the contaminated

parts,and also a changeof clothingmay not be indicatedunless
~he radiation levels exceed those stated below concerningmoni-
toringof exteriorsuzzfacesof clothing.

For persmnel being ~otitared outside the general radiation field

md ‘J.e

only Cf

cent’~minationefists over any sizearea on the exterior surf~ce

the Clotl-lfi.g:

The recommendedvalues under these conditionswill be twice
thosegiven in Graph 111. The firstrecommendedactionshall
be to resortto such simpleacts as brushingoff the clothing.
If this actiondoes not reducethe radiationlevelsto twice
thosegi~snin Graph 111 or Iesss then p=so~~el SW bS
advisedto cluxngecloztig ad LO batine.

i, I

duringthe first two deys ad generally EXYfig around in the area (as

oppsed to such an act as va2kingonly betweena buildingand a vehicle)

dfi.y.In a~di~im~ ~rsorm.e1 WM go out-f-doors for any lengthcf t~l:e

duringthe first two days after such a falloutshallbe advisedto wash

theirhands at least after the final return indoors each day, and more

frequently}if possible.

. .
.
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CRITZRIA111

. Decontamlmticmof Personnel

DISCUSSION:

Data cm Ilurr,ns

In t&b~eII it l!e~~urrge@,~dt~~t the -.?..~e.ti~eZ1’erageg%?.~dose

ratesfrom an infinitycontaminatedfield at t-hreefeet abovethe ground

comparedto that on the nativesmeasuredby a surveymeterheld closeto

the body was:

110 ??-%2..-—-- A.-... -

15 mr/hr
//1 (17tjd5k~~glJ.)

_ --

a physicalphenonexn where the ql=ntlt~of materialfallingper unit

area

Even

was so greattbt it was not retainedso completelyon the body.

if this explanationis acceptedjthere stillremainmany questions.

Theoreticalconsiderationsindicatea gamma dose rate ratioat three

feet abovean infinitelycent.sminated field to that at four inches from

an equally contaminated

appendti D.)

Th9 sizes of areas

tidependently of any of

field of six inch radiusto be about7/10 (See

and distancesfrom the surfaceswere selected

the informationon the fallouton the natives

- 3.L-2..-

, i,

4

. .

ii,;

1!“1
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uncertaintyof tincsedata was discussedunder Crlter~a11. They do suggest,

however,that if the contaminationof a relativelylargearea of the exposed

body producesless than one roentgeninfiniteg- dose aS measuredby a

surveymeterheld four inchesfran the

that beta burns will not =esu.lt. (See

surface there is a large probebilitiJ

also discussion under CriteriaII.)

hs.2Q22L.2.cc”A?Sollrces

When the same dase rite reading is produced at a given height above a

surface from a smaller area$ the amount of contamination per unit area is

greater (other fac>ors being equal). Therefore, it would seem desirable to

reduce the recc”~~enc?cddose ra?e ~e~?e~swhen rektive~y smallnre~s&re ir~-

Vc)lvccl.It is rc:o~ti.zsdthat radiationfrom exothernearbys~-tmay ecm-

:y

1

~ribu~,eZCJ ~~e sq~v?y Leter readir~when manit.oringR su.dlama cm p~rsorJ-

r152:but this has ~ot been te.kninto account,firstbees.useof ths diffi-

cultyof establishinga prioreppraisalof t“fisvariablefactorendj secondj

whateverthis contribut.immay be it uiil now become an added safety factor.

Of ccu.mse~ the prablera is still complex because when cormid=kg

smaller z.nd s~ll-:r arcss the event.ualend p,ointis a singlepeu%icle. k

estUnateof beta doses at the su~faceof an imginary spheresurroundinga

falloutparticleis given in appendixE and an estinateof betr.dosesfrom

a single particle reqdred to pradu:e~ecognizableer~+.kemais preser.tedin

appendixF. Calc~lations indicate that the specificactivityof someindi-

vidualparticlesfound in falloutwould be greatenoughto producerecogniz-

able erythemaif held in contact with the skin for less than one days yet the I

gamma dose rate reading at 4 inches may be relatively small (See appendix G.).
;:

Additional information on doses from individual particles has recentlY

~&2dJQ&2.i29c~es f ~unfil in nd round Hanford cons~ted m-inci-
*HW-=33068.A statusreport. Sept. 15pa195&



106103 pU106ad itsdaughter~ .pallyof threeradioisotopes,Fiu , . The data

and calculationsin appendixH also stronglyindicatethat a single fallout

particlecouldproducea recognizableerythema.

L!!2L!$:CICA22::-22 of’~:d:::z

In the cess of ccmtsm.inatio:~cf clcthir.~,higherdose ratesr.tghtLe

toleratedthan thosefor exposedparts of the body. This was exemplifiedin

the nativeswhereno beta burns were observedunder clothingof the most

highlycontaminatedpersonnel. (Thisdoes not includesuchareasas under

the waist.line ul~erematerielapFarsntUjcollc:ted~.ndwas held in place.)

On the otherhszti,very large incre:l=sin contsmin~tkmshouldno: be tc2-

eratedsinceit is possiblefor tileclotkin~to be re.arrmgedso as to bring

the contaminatedsurfacein contxt with tkc skin. FuthErj i-t~S not

unlikelytkiatone may rub his hands over his clothingand tlnenthroughthe

hair where the materielcouldbe held in placefor relativelylong periods

of tire.

y@.P_E~QitjtQflth- ?:?7A‘3- A-— .- —----

A fu.rtlmrconsiderationis the beta dose to the hundsr~sultingfrom

handlingobjeciscontaminatedwith falloutraterial. Althoughsonsdata are

availableon beta burnsfrom handlingradioactiveobjects,the conditions

are so differentfrom those associatedwith falloutthat comparisonsprob-

ably would not be valid.*

If the above assumptions and calculations are correct concerning con-

tamination of a general area from fallout, then the transfer of all the

radioactive material to the hands from an object of equal area would not

constitute a hazard. Thus, one might consider using as criteria for moni-

obiec~s.the dos~ readingsfQven abovefor monitorinz Ers or.nel
itn~~ &Y &ns of Human SkirI”. Knowlton,et al. The Journalof the

erican MedicalAsso~atio~ V. l& No. & Sept. 24, 1949.
-37-*--—— .. . &.
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outsidethe generalradiationfield. However,the problemiS more c~@e~
i

sincethe handsmay came into contactwith contaminatedsurfacesmany tines
:,
i

* haz!ds.Of co+nse,an added

C& the ~nds and/orthe rubbing

8,
i;:l

Fbrther,one might s~xlate that a given surfacecouldhave sig-
,,!,I~~1

nificmtly highercontaminationthan the generalarea and that the hand—
i,~4;

Mng of s’.IAIa Su-facecould constitutea greater risk. PMs night be i,

true bec~use OS the greater ~curit of activitiy transferredto ths kncis

or b=caussof the doses deliveredduringthe time of actuallyhnxll.~.ne

the object. Tne uncert.tixty@f tr.epxcentage of tmmf’er of EQLGY5.21
,,

has be~n r.sntioned.C& uncertaintyin the oecondcaseis the lea~~hcf

a gencr.cl rcdiationfieM) tight be 5$000 to 1 (appndix I.). Thusjif

this objectwere conta.mhateswith the ssme activity per m~t area that
.

would producean infinityI&roentgen whole-bodygama dose from ~eneral

contaminationof the axea, it would produce&bout 50 mr/hr gammaat four

inchesaway at H #l hours, and about 250 reps/hourat a depthof

7mg,/cm2.* Since the palms of the hands have an approximateepidermal.

layer of about40 mg/& the beta dose to the basal layerwouldbe about

lz-dkm- (The time of E # 1 was selectedto showaboutthe
*Thesenumbersa=~eefairly well with the computationsin llEeta-contact
HazardsAssociatedwith Gamca-radiationMeasurementsof Mixed Fission
Products”. Teresi,J. D., GSJ,~b383 (CONFIDENTIAL).

-

,,.
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1

highestmagnitudeof doserates.) If one

ing to t‘1*2, then the total beta dose to.

of the hand in the next 10 hourswould be

Whereas the above esthates do not

assu.cnesthat the decayis accord-

the basal layerof the epidermis

about320 reps.

indicate L7 alardmg sitcation, a

more serious problem ni3.;-ccme when the contsmku.tionis just less than that

where evacua.ticnis iridic~ted~For exa.uple,th2 cofitszni:m.ticnof the gencr:il

area may be five or six timesthat used as an illustration ia the preceding

~agraph, without evacuation being recommended. Thus, beta dose rates

from handlingobjects$especially

enough to be a probleu. A simple

factor is frequent wzsl:ing of the

the fallGut.

in times soon afterfallout,may be high

and expedientprocedureto rec?ucethis

lands alterhmdling objectsthat were in

pJ?trJ~xxlsJ-cQ* Feet glfi?d’.’en:zfi

It was suggesicdin CriteriaII that nmzaalclosed-typefootwear(CS

cozc+=edto such as open sandals)would probablyaffordadequateprotectiar

againstsiQ~l-----“~sfinmt~eta do~~s tO t~.efeet fycxl falloutr.2terialon the

ground. Z’here is still-tke added ~roblen it the nterial be sv~&’fe5up and

cling to the anl=~es and lower legs. If there were no intervening clctlnins,

or perhaps even with thin stockingsor socks,thismight resultin signifi-

cant biologicalbeta doses bein~ deliveredto theseparts. For exempl.c,if

the gammadose rate readingat H ~ 3 hourswere somethingless than five

roentgensper hour, evacuationwould not be indicated. However,for fallout

materialof the same concentrationin contactwith the skinthe beta dose

at 7 X@cm2 would be about 6W reps/hour(SeeappendixB.). Presumably,

personnelwould be kept indoorsfor a few hoursbut upon releasethe

approximatebeta dose ratesat 7 mg/cm2would.be 26o rep/hrthreehours

later or 210 rep/hrsix hours later. In addition,thereis the variable

&_.M*

rate

i

i; ,
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factorof what concentrationof falloutmaterialmy acc~ate in Vne @le

4
;

region~ wahg aroundan area. I
A

in t.b~ut

with the

of about

r.
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They shouldbe then

and the cars should

area.

hicles

should

toring

When 5 to 10

--

warnedto proceedwith windowsand air vents closed

be monitoredafter passingthroughthe contaminated

roentgensare predictedacrossa main highway,ve-

that no or verJ few additimal vehicles

graphIV. ‘

t
I When the dose rcte readingtaken
!

until there is reasonableIxlief

will exceedtk.evaluesgivsnin

ins5.dea vehicle, or taken over

i
of ths fenclerslr~t

fax iimhes frsm any surfr.ce.
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.
?!cx3itorinE~nd ~c3ntmination of }!otorVehiCles

DISCUSSION

Upshot-Knothole.

1

1

6

7

7

9

9

m 2 3/4

n 5

n 4+

u 7

a 2

n 3 3/4

.

EstiIrlAtc’d

Lose Rate

Ihading of

Fdl.out
~~T&J._..

920

260

325

760

400

1000

420

I>cm?ticn -,-—--- ----

30 r!?!?les south of
Alaiioon Hywc a#93

1 mile northof
Sto GCL~rgezUtah

Junctionof ct~.
Eyw. 1’91Znd
Nevadr,Hyw.#40

20 milesnorthu.
Glendale,l~ev.on
Hywc i!93

8 mileswest of
?+hsquit.e$Xev.
I&w. #91

36miles north
Glendaleon
Eyw. #93

St. George,Utah
Hywo #91

‘1

60

130

65

205

60

130

-42-
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private
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blockswere establishedcn Hi@ways 93 and 91 fououing shots

sevenand nine of Upshot-Knothole.The highestreadingon a

automobilewas 100 mr/h.r(g~) inside~d 11O ~/hr outsideat

H plus j; hours. About 75 cars were xasked (rougkly

m.onitcred). All of’‘Ae CEZ-St.katwere washedexcept

above,had odtsidedose zaie readingsless th.n kali-

The ratioof dose rate readingson the outsideof the car to inside

variedfrom unity to about4/1. Probablyone of the importantfactors

here is the differencebetweendrivingwith windowsand/orvent.fl.ators

openedor closed.

One bus read Z50 n.r/hroutsideand averageof lCO nr/hrinsidewith a

high ir~sidereadingover the rear szat of 140 Yz/hr at Iiplus 8 3/4 hems,

It is assumedtl:atmonitoringwill be accotiplishedoutsidea gcner-d

radiationfield. Theoreticalcalculations(ap~ndix D) izzdicatethat

gsma dose rate readi~gs+Acp at four inCIXs.trca.a svzzface:;QI he ~l~j

Q%, md 27% of thoseby anieter

Winite field when the radiiof

2 feet,and 1 foot.

at threeZeet

contamination

Thesedata suggestthat when the gamma dose

from a generallycontaminatedcar is about one

shovean ecp.d.ly coctmimtd

are respectively3 feet,

rate readingat four inches

half that for an infinite

plane taken at three feet, the de~ee of cont+~at+ion per ~it mea will

be about equal; and when the wheelsare beingmonitored1/2 to 1/4 of a

i,

.i
!

,!
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:1
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gfxm dose rate reading will repses+mt equivalentcontm.inaticn(de~?nding

on the.gsmma”contributim from the body of the conttiated vehicle).

Anotherfactor to be consideredis that the probabilityof collect-

ing falloutmaterielon the body from a generellycontaminatedarea in

VilichO.VClives is gre.r.ier&n from czeqsautomobile. Cn tineotherIa.xl,

it hr.skeen noted * the past tlhatsi.-ificantlyhigheramountsof contam-

inationhave been found on the tires end underparts of fendersthan on
:1i

1~~
the remainderof the car. (Undoubtedly,this is a simplephenomenonof ,,!,,

!1,,
picki.ngupthe actitityfrom the highway.) If o~e were to changea heavily ,;

I
contmhated tire, si5~iicsxt amountsof radioactive material xzfight

ac.cumuhteon tke Esmds, and later be transferredto the hair cr eyes by

a simplerubbingo: the hands over thoseperts.

A comparisonZigkt lx r.adehere Ix+ti:eenreccxasndedmaxizzrzdose

rate:;folundon pe~somel md the establishingof levelsof act~vityfor

automobiles. There iS one o?xicm clif+ference,how=e~; in the fi~~~ ~ase

the ::..b..r-r~~,.+~~ ~~ ~.~~ ~;~s~ ~r:e~~ys~.nwlhiiciritk~ second cese o~e ?.:-stc

introducethe factor et -acb.abilityof transfercf contaminatloa(andto

what de<wee)from tilecar to the body.

The dose rates (zeasured aS stated)in ~~aphIV would represent

abouteqnal contaahation psr unitarea for a cm -for an i.nfi~tite

pl.me if the cer were rather unifom.:~contaminated.If the activity

were confinedsay principallyto the tires and under partsof the fenders~

the dose rate readingsmight representnearlytwicethe degreeof contam-

ination. One must weigh this conditionwith the probabilitythat a tire

will be changedbefore the activityhas decreasedsignificantly.

A given dose rate readinginsidea vehiclemay representless

contaminationper unit area due to the contributionof gammaradiation

&
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from the exteriorof the vehicle. @n the otherhand$ contmninationwit!~in

a vehiclewould more probably be picked up by personnel than if it were on

the outside. Further, it is recognized that significmtly high concentra-

tions of radioactive fa3.2m~tmay accumulate in such parts as the air filters

Of nriautomobile. Ag~3 t?xlshs.sto be weighted against the prabdilitiy

1 \,e~d~e~ ~-fg= tie ~ctj-v~~~ ~S decreasedtC 10W ~e-W~Sthat th2y wil.A .

plus the fact that it is relatively difficult to monitor such parts on a

mass basis. The unce~ties presentin estimatingpossiblehazards

from vehiclecentaminationvould not justifyfine distinctionsin monitor-

ing th~ vcr~c~sparts. b ficro~h cle~i~~gsinsideand outside,would

CriteriaIV is to prev.e&vehiclesenter:.ngen area durti.gthe tixs‘of

vehiclesare not presentin ‘&e falloutit wi12.help reduce contsr-iation

In the pasts the criteriaused for washingcars has been 7mr/hr,

and at a later time 20 mr/hr (g~)~ inside a Veficle= This resulted

h washingabout 75 c== (mug~y @ of tie tow mo~tored) follov~g

the seventhand ninth detonationsof Upshot-fiothole.Underthe recom-

mendationsgiven in Cz5teriaIV~ the bus mentionedabove,but probably

none of the CEWSSwould have been washed,
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The dzta gtve3 in

givenhad been predicted

been closed

HighxLy;23

priorto the

graphIV,b. ti]dicatethat if

beforethe fallout,Highways

thoseradiaticnlevels

#91 and 93 wouldhave

fallout from the seventh detormtion and possibly

‘1,

1

1!
:1
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In emy mea where the theoreticalgammainfinitydose exceeds10

falloutwhere the radiationlevelsare below those stipulatedfor pos-

sibleevacuation that the degreeof contaminationwill be a health

hazrwd, (Noris it inplicdhere that any leval nbovethis~QS consti-

tute a serious ccntfmination cf water, ai~j cl-rfcmdstuffse)I’hersfore,

it is recoi’mei:~cdthat no cction ke tckea in rz:?rd to lizitj.ng iatake

exmpt to advisethe vashin:cff of sxh expossdfoodsm leafy~eget~’!le:

wkn that actilonsee~s dssirablc.

t

i,



we to weather

whole-bodygammadose

aiidto ctter~uatiu~lof the g=

est~ted to have been actua~y

the values shon.

cl.

0.15

2.

2.5

7.0

0.15
,,

raysby Ixildingssthe

delivered was probably .:

closer to one-ha of

The maxjmumpermissibleconcentration
of fissionproductsin drintig

-3 This

water is 5 x 10 T
c/ml extrapolatedto three days afterdetonation.

is considereda safe concentrationfor contfiuws consumption.
docUmOnt~

Uhereas$the monitoringof water sourcesis of value for

purposesit shouldbe recognizedthat the concentrationsfound~Y v=

-

i.!



widely

ferent

cannot

--
-e-..J ‘-7;2i _..>:--’-~

Withh SIdl geoeg%pkdcalarcIs end even at the sm.e locatioa at dif

times (taking into account radioactive decay). Thus, confidence

be placed in precise values. Table V1.a. suggests that even if one

were to have storedup the water listedat Vir2inRivez
Irrigctio2Canal

rmd subsjstedentirelyon this fcr .zlifetim, the concentrationVOU13be

alxxlj 58 tir..?slt2ss thzn tl-s E2xti.u. ;e.rxlssiblear.cuzzt● I:oAmd. fzctms

of dilutionby additionalrainfalland/orby the influxof lesserccmta-

inatedgroundwater wouldbe e~cted to reducethe level of activity.

centrationsof &irSorneactivitycn about 150 occasionsh some40 differ-

centrationsversusthe after detonationfor 30 occasionsand estimateswere

made of dosesto the lungs. These data for the five communitiesshowing

the highestair concentration are given in Table VI.b. The histogram for

St. George (thehighestz hour averageconcentrationof falloutever

~ e odued na enixJ
*Ad Hoc Cotittee Meeting- Washington,Do Co Jan- 20~ 1954.
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32

I-3

7

3

3.5

1.5

1.0

0.35

0.015

.

thaseIn the Jaznuary20, 1954 neetj.r>gof the Ad
Hoc Cortitt@ the k~sis

recommendingthe above
air concentrationswas discussed.

EssentitiYS

criteriawere selectedby estimat~g the g- ‘ose
thatmightbe delivered

by the passtigof a radioactivecloud.
Sincethereare bettermethodsof

.
est~ting g- doses and sincethereare

uncertaintiesin evalusttigthe

hazardsof suchtransitoryair
concentrationsas experiencedfrom fmout~

and sincethe pre~nder-ce
of evidencefrom-~ti nucle= test series

fcr

IEi33- Q---
.:,{..; w.... ..
‘:*



*Minutes, Meeting of Committeeto Considerthe Feasibility md Conditions
For A Ikeliminary Radiologic Safety Shot for Jangle. LASL. my 21-22, 19510

**Hw-33u68, A statusreport. Sept. 15, 1954. (CONFIDmTIAL)o
C3 +,-.

.-,
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Considerableeffortis

ation of food from fellout.

being directedtoward

One elementof major

--

the ~tudyof contamin-

0 90* Itconcern5s tir

of Sr90 (l:CXKl

i

1

interestto note that soilswere ccdJectedfrom the MarshallIslands
II

followingthe falloutIn eul.y~ch ~95L ~PPnd~~ summarizes these 1
I
!1

data.)

A recent report** stronglyeuggeststhat contaminationof led =-
1

I

*IMvate communication,L. A. DeanJU. S.-Departmentof Agricdtwe?
BeltstillejMarylmds April 23$ 195L

**~rt on Uwc. Mvision of Biologyand
D. c. WY 1954 [SECRET)

-5z -

Medicine,Was~@ons ‘

[.



tens of thou~ds of reps
i

t~oid : I

,Sr89-908 300 reps

i

I
I

\

*
Mvisim of Biolo13Y and Medicbe, was~don~

% J~y
on Gab

*

. . . .
..4,
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The whole-body gamma effective biological dose for off-site populations

~hould]iot mceed 309 rcentgen~ over a periodof one Ycci-o ~S totaldc)w

tive biologicaldoses,then tableV may be used.

If film

of their use

account uf the raciiation dose recrived$then the valuesrecorded on the

film bad~;timy ke acceptedvitha ccrrecticmfactoro; 3/4 to accountfor

the diftmmce betweenthe dooe receivedby tks film badgss or dosimtcrs

(includingbackscatter)and that receivedat the tissuedepthof fivs

centimeters.
,
I

i.

1

71 ‘
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DISCUSSION

.
●

✃ h 1?53 the followingrecmmenda.tionwas nade in the ‘Reportof COm.

“It is recom~ended.and fcm.d to be in conforziti~with the present
principlesof detekning permissibleexposurelimits,that for test
operationpersonnelthe totalbody gamma exposurebe limitedto 3.9r

iin thirteen weeksY and that the same figure be applied to the off-site
communities with the further qualification in the latter case that
this is the total figure for the yesr. In general, this implies a
single test series in any given year.l*

On the basis of this reco=~endation&nd the reasoningdixu.ssed‘under

Criteria I, the criteriafor estimatingthe whole-bodygmma effective

biologicaldose are smmarized in tableVe It will be noted th~t,the bi.o-

lcgical factor imluded undsr Criteria I is oaitted in Criteria V. In the

first casewe are dealinglJith relatively.Mgh doses tht may rcqtire excsr..

though they m+y not be kno-mwith pmcissness, beforerecomeridingm elmr-

gency action that may produca ~~eater problems. In the case of CriteriaY

onq is concernedwith relativelylower dosesduringroutineoperations. It

would be difficultto justifyon the one hand the propositiontkt weelkQr

dosesfor generalpopulationsmay be integratedand takenh a singleex-

posure without penalty end on the ether hand$ that a given dose received

over a periodof a yesr may be administrativelyreducedbecauseof biolog-

ical repair. Therefore, the biologica2 factcr is omitted.

The generaleffectsof backscatteringon measuredradiationdoses

are fairlywell established. Further,knowledgeof depth (tissue)-dose

curves has advanC~~O a a~~antl~~~~ve&~&,4 ‘f~l~~a there ~eens to be
* p~ rmissibleDose Fzom Ex:g~al Saurcesof IonizinrRadiationa National
Bureauof StandardsEandbook59. September24, 1954.

&

.

i

i,:
‘—
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1

littledoubt

esthate the

tht e film Ixd&e or ciostietcr worn

gazma radiaticndose deliveredat a

on the personwill over-

depth of five c--ntfimters

(assumeddepth of

difference is the

blood-foming organs). A major factorti determiningthis

qud.ityof radiationund~r consideration.We repro%*

dealingmplicit~y with rdiaticm in a f:.lloutfield suggestsa factm of

about3/4.

*VT-814. EJ&@l -ve-n , @f ResidualGamm Radiationg Janumy 1954-
CONFIDENTIJIL.
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EUMPIZ I

Savings by remainingindoors for
three hours

One year effective biological dose if

13X?WLCII

SavhgJ by remhing indoorL fo: ei~ht
hours

1.30r

0.65 r

2.30 r

1.15r

Per cent of one year effectivebiolog-
ical dose savedby remainingindoors
for the eight hours 4 21%

.57-

.
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***L******* G*

22x.Lkt!4LLue bt e (Reus/ii~ at ? !!w/cT12to Gamma Dasq
in InfiniteField at Three Feet Above the Slx ace

Assume: 80 c/c# (beta),equivalmt to
21 egacuzzie/mi2(gamma)

& = 105
b

-,-



Activityof source

S’urft!ce do$e r2t3

q .: ;: ..{-.,.;’j)(-,.~:”;) .,,2

Ii::-’ ‘“ ;:
.- .,..-. —--- . . ‘. : -.’.

Then R = ‘7.0

= 539
x 77

-2 (r=)rep@lr at 7 :~J’c..

9.6 mg/cm2

77.0 c/cl#
?

o* 12’7 R.].’,’::.- 3

457 J.’C;, J;,f’::3”

C-9 *:-:

*Effects of Externa1 Beta kdiatjon. Zirkle, Raymond E. McGraw-Hill Eook
Company. 1951.

#-,59-~~
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at 7 mg/cm2 (P32)

(for
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rate of gammafrom a point source
-“

r= 6CE where: r z
c=
E=

.-

.

LJdh?. . ?.3
0.56 r/hr



T’b dose deliversd=t the surf~ceof m
R from a point source.*

iirm.g:.zry

‘1

..,. - .’. , ,_ . . . ..._
.-

.’. c~.;....:.“.., -: ~, :. .:’i’n

dicimtagrationspr unit tti,3 at.

eftmr detc?~t:on
distitc~z’sticnsper unit time &t
of time after detonation



Int.e”vf.th-i:::uaticifl(2)$

(5.8. ) c = 5-AI (ta-+”p - ~-o”q

ma.— (5.h ) C z 5Aata1*2(ta-0.2- ~-o+
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0.1 cm = radius of
receive

*.
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x

im@nary
2000 reps

of Cours??, ~,%qr~dius ::’ ~‘y,“--c ‘-”● ‘ :.<.. .... .-
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b. A particle of 150 rnicrocuriesof beta activityor ’75mlcrocuries
of g&Zm3 activity. (Sooap@ndti H.)

--
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.1t.,........”....=.)

Assume : +0~/Ru106 ratio

To estimate.a man average

of o* 75*

energy cf betas from mixture:

--r.-. ‘-.7 ,?. J~-.-<:..”.,;,

-66-
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2.

/+00

‘[50

2,500

11,000

21207”3

-.

TotalSkuLnDose Effects
(rads)*

....

* 90 mradslhr =1 c
Y

**llht.al dose refers to the hot spot directly below the particle, and is
valid only as to order of niagnitude.n



fcr t.h:?sane S3.ZLI::YLiclc.

Since the particlemay bs washed off bafore six days h.avc expired,

one may consider the problem another way.
Uhat must be the specific

activityof a particlezt 5,L3k.oms to deliverthis dose in the next

-.

e’ .4



F. The

Upshot-Knothole*

1,626X 92A

919

723

*A4

555

3$7

234

115

81

20

*W1’-811e“Distri~u;ion~-.4c~~.=~acteristicgof ;’al.loutat Distmces Grm~=
than 10 Miles frm Ground Zero,Mrch and April 1953’1,Rainey,C.T.,
(SECRET) w k168s. et al.

**UCLA-2430 flfie~m-am S~flc~Yof off-siteAirbo.meRx5ioactive~=terid-~t
NevadaProvingGro’md:.n- - February1953 (SECTtiT) @ LA-16S5.
***Pata from esthtions based on radioauto~aphaethodso

..

227-40
L

. . .
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general radiationfieldthe gamma dose rate at four inchesfrcathe -.
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A,

B.

D● .

E.

. F.

A

iiiipaCtCrsindicatetkst ~.bcvt90J of t.ho

The lurI:s ~e

The weight of

An individual

unifornlyirradiated.

the lungsis 900 grams.

ties 20 cubicneters

in

Wr 24 hours.

-.

:;.

wmr~-- ..---.-—-F- — —-- .. .._ --- . . .
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*

L

Duration

4.3 hrs

3.2 *hrS

A*9 hrs

4.2 hz

7’.5 hs

12./0 hrs

37:!,---. --

l.-?’--+.- ?,’ ---.,. . . . .. . .. .. ,.. .:-,_
i’?<l->;.:; ”,<.-- .-— ------

~fter lkto;l~tion

C ... . ..?.lc ~.”,:,- .~.: ...;
:. . ....=.:. _L. . .. . :.. . . . . ---- ,.. .

to the beta dose.

T-
‘--L-.

= 4.1+

AssuDe:

(4.4 x

x 1.09disinte~:...tionsfrcx ~rd hour to 13th ;;cek,

E = 0.5I’&
avg.

109)(0.5)(1.6xlO+)[&][~) =4.2 x10-2 reps
93)

=42 mrcps

~AL LUNGDOSE FOR 13 WEEKS: %Uo mreps

-%

...

....—. . .__-. , _-, ____ -

> q .7

ILL3
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2.52x 10-L mreps (See appendix E.)
disintegration

(3.3x 1U7) (2.52x w-4) = 8.3x @ r_vepq@ ~~o

.
u
= 8 reps/ju nd.ro

~.—=—9=— .-”,W---, . . . . . . . . .

. .



Jemo

Ailuk

l?ejuit

Kavm

kioth o

Utirik

Bilm.r

Enlwetak.
4

Sifo
*
.

1. 2do-1

3.oxlo-l

1.0

1.1

3.?hlo-~

1.6yJo-1

7.Cxlo-z

62.0

Let.o

s 5.0

1+.5

2.;0.o

50.0

200.0

53.0

3.3

8.0

6.mo-1

8-7 X 10-3

1.2 x 10-2

3.8 x 10-2

2.8 X 3.G
-2

4.8 X 10-3

1..3x 20”3

.

4,4 x 1o”--’-

6.6 x 10-1

9.6 X 10-2

m

4

12

8

),

2

0.5
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